upper ureter (C) is then slit downwards for 1 in. (a) and its edges anastomosed to the edges of the aperture in the lower third of the pelvis and to the edges of the pelvic flap-also by a continuous plain 4/0 catgut suture. The renal pelvis is drained for a few days by a nephrostomy but the anastomosis is not splinted by an indwelling ureteric catheter. FIG.I -Steps mn the plastic repair of hydronephrosis. (From "Retrocaval Ureter", ANDERSON, This operation ensures: (i) Dependent drainage of the renal pelvis. (ii) That the new pelvis drains into the ureter that has scar tissue at only one point of its circumference (b, Fig. 1 ). Subsequent contraction cannot, therefore, narrow the lumen of the ureter at this point. (iii) By radically resecting the whole uretero-pelvic region together with the upper end of the ureter we ensure that the obstruction is removed and is not left behind to obstruct the new renal pelvis.
Senior Lecturer in Child Health, University of Sheffield THiS discussion concerns the parenteral administration of nitrogen in the form of protein and its derivatives. Most workers when giving nitrogen parenterally in any form aim at attaining a positive nitrogen balance. Recent advances in liver pathology have added a second aim: the prevention of liver damage. The problem will therefore be examined under two headings: (1) The attainment of nitrogen equilibrium or of a positive nitrogen balance;
(2) The prevention of liver damage.
(1) NITROGEN BALANCE After the first day of restriction a normal adult, deprived of food, derives approximately 13% of the calories he needs from tissue protein (Cuthbertson, 1948) . Gamble's team (Gamble, 1947 ) working on the "life raft ration" showed that this nitrogen loss is halved if 100 grammes of dextrose are given daily. On this intake about 40 grammes of tissue protein are catabolized every day. If the same amount of animal protein (egg) is added to the daily intake of dextrose, the nitrogen loss is only insignificantly reduced, because" the ingested protein is used for energy purposes and not for protein anabolism. Gamble (1947) has further quoted unpublished data of Schwimmer and his team according to which only when 60-70 % of the calorie requirements are provided from other sources is nitrogen equilibrium approached on an intake of 40 grammes of protein daily.
It is true that some workers (Elman et al., 1945; Elman, 1947; Werner, 1948) claim that they achieved a positive nitrogen balance by giving very large amounts of nitrogen, although the total calorie intake was low. But even if their reports are confirmed by others the amount of nitrogen which has to be given is such as to make it impracticable for parenteral use. All these observations refer to normal subjects.
It must be remembered, however, that injury and disease, apart from possibly interfering with the intake of protein, increase protein catabolism and therefore adversely affect the nitrogen balance (Peters, 1948) . Werner (1947) suggested that the negative nitrogen balance following injury and disease can be explained on the basis of inadequate nitrogen intake without postulating an increased protein catabolism. This awaits confirmation.
On the other hand protein-depleted animals use nitrogen more economically, requiring less nitrogen for the attainment of equilibrium. Furthermore there is less protein destruction following injury or disease in the protein-depleted subject than in others (Allison, 1948; Silber et al., 1946) .
The quantitative aspects of this saving of nitrogen by the previously depleted patient are difficult to define because of great individual variations. It is likely that the magnitude of this economy depends on the degree of depletion, but we have, no accurate criterion for measuring the degree of the protein depletion of a patient (Homburger, 1948) .
The materials used for parenteral administration of nitrogen are various casein hydrolysates and plasma. The only casein hydrolysate available in this country is Casydrol, which differs very little from the American product Amigen. Casydrol is an enzymic digest ofcasein, 60% of the nitrogen being in the form of amino acids and the rest in the form of peptides. The limitations of this material are:
(1) Concentrations above 2-5% damage the vein (Williams, Bishop and Young, 1949) . On the other hand American workers (Dodd and Rapoport, 1946) have used 5 % Amigen in infants without any untoward effects.
(2) Rapid infusion causes nausea and vomiting.
(3) The pH is low (6-5 according to the manufacturers).
When examining the effect of Casydrol on nitrogen metabolism the first consideration is that some of the nitrogen given is lost in the urine directly, without taking part in any metabolic process (Allen et al., 1950; Elman, 1948; Smyth et al., 1947) . As this lost nitrogen is mainly in the form of peptides (Eckhardt et al., 1948; Christensen et al., 1946) the higher the peptide content of the hydrolysate the greater the loss. Expressed otherwise, the less complete the hydrolysis the less nitrogenwill remain available for metabolic purposes. The remaining peptides and amino acids are used either to provide energy or for tissue building, depending on the number of calories simultaneously provided from other sources. Most workers agree that approximately two-thirds of the total calorie requirement must be found from other sources before amino acids can be spared as building materials. This means giving 60-70 calories per kg. of body-weight to infants and about 40 to children. At present, the only other source of calories in parenteral alimentation is dextrose. The amount required to supply 60 calories would be either 150 ml. of a 10% solution or 300 ml. of a 5 % solution of dextrose. Both methods are impracticable, the former because of the risk of thrombosis of the vein, the latter because of the excessive amount of fluid. There is so little information available about the nitrogen balance of infants and children while on parenteral alimentation thatit is not possible to say whether the above considerations derived from work on adults apply equally to infants and children. Reference is frequently made to the work of Shohl (1943) . Positive nitrogen balance was achieved by him in 19 of 20 infants on parenteral intake. Valuable though this work is, it was done at a time when we lacked our present knowledge of the interdependence of total calorie and nitrogen intake and of the significance of previous protein depletion. These data are not to be found in Shohl's paper and it is therefore impossible to draw any further conclusions. For the same reasons the work of Jonxis (1946) is not helpful.
The difficulty, therefore, is not how to give enough amino acids parenterally, but how to give enough calories, from whatever source, so that amino acids can be spared for the purpose for which they are given.
Extensive work has been done in recent years on the intravenous administration of fat. One of the preparations used without any untoward effects contained 160 calories per 100 ml. (Mann et al., 1949; Gorens et al., 1949) while 100 ml. of 2 5 % Casydrol in 5 % dextrose only supply 30 calories. If only one-third of the total fluid intake consisted of this preparation of fat and two-thirds of the dextrose-amino acid solution the calorie intake would be 80 cal. per kg., a very satisfactory figure.
The second preparation which has been extensively tried recently is an acid digest ofcasein, called VUJN (Eckhardt and Davidson, 1948) , which is not yet available in this country, but as it offers definite advantages over the enzymic digest, the main differences from Casydrol are presented.
(1) There is no nausea or vomiting even with rapid infusion (Elman, 1948; Parson et al., 1950; Smyth et al., 1947) .
(2) It has been given to adults in concentrations up to 10% without damage to the veins (Parson et al., 1950) . Work on infants has not yet been published, but it is fair to assume that a concentration of at least 5 % will be well tolerated.
(3) Hydrolysis is nearly complete and approximately 82 % of the nitrogen is in amino acid 6 6 form (Eckhardt and Davidson, 1948) . In view of what has been said before on the immediate nitrogen loss in the urine this is a definite advantage.
(4) Methionine (d.l.), tryptophane (d.l.) and glycine have been added to this preparation. The remaining method of giving nitrogen parenterally is infusion of plasma. The main limitations and disadvantages of plasma are as follows:
(1) It is only available in limited quantities.
(2) Danger of "serum hepatitis" especially when pooled plasma is used.
(3) Expansion of intravascular compartment (osmotic effect of protein). This is not a serious limitation if the plasma is given slowly through a continuous drip.
(4) Expansion of extracellular compartment, mainly due to the high sodium content. This is the main limiting factor in infants and a preparation of a plasma with low sodium content would be valuable.
When nitrogen is given parenterally as whole protein, a striking difference is seen in nitrogen balance (Allen et al., 1950; Kremen, 1947; Moore, 1949; Werner, 1948) . Nitrogen is retained in the body, much better than when hydrolysates or amino iacds are given. This is due to two factors:
(1) There is no loss in the urine.
(2) The whole protein is broken down very slowly to the constituent amino acids. As long as it is in protein form it cannot be used for metabolic purposes and it is not therefore excreted.
There is therefore a positive nitrogen balance, but it can be claimed that it is purely artificial, since it means not that new tissue proteins are being built, but that nitrogen is retained in a metabolically inert form. Whether this is true or not obviously depends on' what happens to this protein between the time it is injected into the circulation and the time it is finally broken down into amino acids. If repeated injections are given, as much as 25 %-45% of the total amount may be retained in the circulation and increase the volume of the plasma proteins (Eckhardt et al., 1948) . A small part of the rest is slowly broken down, but the fate of the largest part is still uncertain.
Whipple and his school (Whipple and Madden, 1944; Terry et al., 1948) , believing that proteins can enter and leave cells without first being broken down to amino acids, maintain that the amount of protein not retained in the circulation has entered certain body cells, while Eckhardt and his team (1948) think that it is to be found in the lymphatic system. Both theories have points in their favour, but if Whipple is right then this part of proteins, far from being inert, is extremely valuable, because it by-passes the energy pool.
More certainty exists regarding the rate at which this protein is eventually broken down to amino acids. It has been found (Eckhardt et al., 1948) that, five days after injection, 50% of the proteins have been broken down and 50% are still intact. In other words the half-life of the injected protein is five days. When plasma is given every day the amount of amino acids released increases progrestively. If the same amount of plasma is injected daily, it is possible, by using the decay equation (Eckhardt et al., 1948) , to estimate the amount of protein which is broken down every day into its constituent amino acids. On the fifth day of the injections, for instance, the amino acids released correspond to 50% of the daily dose of protein and on the tenth day to 75%. This slow release may be a disadvantage, but it minimizes the loss of amino acids in-the urine. In addition-to this there is a pool of proteins which, when further injections are stopped, is slowly broken down to amino acids over a number of days. This supply of amino acids may be very useful if the plasma transfusions have to be stopped for technical reasons before the intake by mouth has returned to normal.
Once the amino acids are free they have the same fate as any other amino acids injected as such. They may be used to provide energy if sufficient calories are not available from other sources, and if energy requirements are otherwise met the amino acids will be used as building materials.
(2) PREVENTION OF LIVER DAMAGE The finding of a fatty liver in infants and children dying after a long illness involving some degree of undernutrition is well known. It is now accepted that the fatty infiltration of the liver is the precursor of a diffuse hepatic fibrosis and that it is a reversible process, responding to lipotropic factors (Himsworth, 1947) . But although fatty infiltration of the liver is a great handicap it does not seem to be the immediate cause of death. The lesion with which we are concerned in planning emergency treatment is an acute or massive necrosis which is usually fatal and which may develop on a fatty or on a healthy liver. We know much less about it than about fatty infiltration. The lesions described by Bonham-Carter (1947) as miliary necrosis are possibly the same thing. This condition has been very well studied in animals (Himsworth, 1947) . When rats are put on a diet conducive to necrosis, they show no change for many days but then they develop an illness and die within a short time, sometimes a few hours. It has been shown that the nutritional factor, the absence of which leads to hepatic necrosis, is cystine. 7 7 Some infants, dying after a period of deficient nutrition, show clinical and histological similarities to these cystine-depleted rats. The clinical picture is as follows:
A child has a prolonged illness, usually gastro-enteritis during which the main alimentation is parenteral. There seems to be some improvement, and oral feedings are resumed, but before the oral intake is back to normal, the infant quite unexpectedly develops cedema, a large liver, perhaps jaundice, and dies within a few hours or days. Investigation of his intake in the two to three weeks preceding death shows that although water, salt and glucose had been given in adequate quantities the protein intake was small. This is not the picture of fatty infiltration. It appears to develop in a fairly short space of time and the critical period is probably the two weeks before death. Schlesinger, Payne and Burnard (1949) did not think that fatty infiltration alone can explain the whole clinical picture.
The following are two illustrative case histories. Case 1.-A 6-months-old female infant was treated for gastro-enteritis and was discharged apparently well. One week after discharge there was a relapse and the infant was readmitted a week later very ill and dehydrated. The intake of fluid, calories and protein from the first day of the Fio. 9.-The liver from Case II. A child dying several days after the onset of liver failure.
second admission till death, is presented in Fig. 1 . It should be noted that salt intake (sodium, chloride, potassium and calcium), although not shown in Fig. 1 , was adequate. Calories were given mainly in the form of dextrose. There was clinical improvement on the twelfth day after admission, so oral feeding was resumed the following day. One day later, while the clinical improvement continued and the impression was gained that progress would be satisfactory, cedema developed, a large liver was found and the infant died within a few hours. It can be seen that there was practically no protein intake for a fortnight and perhaps longer. The protein intake from the fifth to the eighth day after admission is rather theoretical, since at that time there was persistent vomiting and diarrhoea. The histological picture of the liver is shown in Fig. 4 . Case II.-A 7-months-old male infant was treated for otitis media and when this got better and he was ready for discharge he developed gastro-enteritis. Fig. 2 presents his fluid, calorie and protein intake from the first day of the gastro-enteritis until death. As in Case I salt intake was adequate and the calories were mainly in the form of dextrose. On the thirteenth and fourteenth days of the gastroenteritis there was again the impression that the infant was improving but cedema and a large liver developed on the fifteenth day and jaundice appeared twelve hours later. These persisted and death occurred four days later. In this case also, protein intake for the two weeks before death was minimal. The histological picture of the liver is shown in Fig. 9 .
Apart from cases of poisoning, whenever the lesions of massive necrosis have been found in man, the pathogenesis has not been as clear as in experiments. Toxic and infective agents, as well as nutritional deficic-icies, have been held responsible and the ntiology is therefore uncertain. Fortunately, when it comes to prophylaxis, the issue is simpler, because independently of the nature of the primary noxious agent, the absence of certain factors from the diet makes both animals and man much more liable to severe liver damage (Himsworth, 1947) . The factor concerned in rats is cystine. The significance of tocopherol has been recently discussed by Himsworth (1949) . It is not known whether it is the same in man. If we assume that it is, we have to estimate the content of both cystine and methionine in the various materials used for parenteral administration of nitrogen, because cystine can be formed in the body from methionine. These data are presented in Table I . For as long as It can be seen that VUJN provides more amino acids than the other preparations, though part of the methionine added to VUJN is in d-form and therefore metabolically inert. Allowance also has to be made for an immediate small loss in the urine. With Casydrol this loss is greater for the reasons already mentioned. When pla'sma is used the slow release of amino acids may be a disadvantage. Even if Whipple's theory is correct that proteins may enter and leave cells, it is not known if the intact protein molecule has the same effect as the amino acids cystine and methionine.
Clinical experience has not yet answered the question whether plasma can prevent liver damage. Varco's paper (1946) is often quoted as proving that plasma and blood cannot prevent liver damage. His evidence, however, was based on 2 cases of elderly patients and is not convincing. Final conclusions are deliberately not drawn concerning parenteral administration of'nitrogen and no definite recommendations are made. There are still too many unknown factors needing further investigation. All that can be said is that in planning the treatment of each individual case many factors have to be taken into consideration. In opening this discussion an attempt has been made to present these factors and to discuss their relative importance. Sheffield): It has been pointed out that the protein requirements of ill children must be considered in terms of particular amino acid needs as well as the total nitrogen intake and balance. The evidence regarding amino acid deficiency in liver failure has also been summarized.
It is well known that, following gastro-enteritis, childrernfriquently die with liver failure. The cases presented here are designed to show to what extent the histological changes in the liver of children, dying fairly suddenly following gastro-enteritis, can be related to the lesions produced by amino acid deficiency in growing rats. Section of Paediatries II The animals which Himsworth and others fed on a diet deficient in methionine remained apparently well for varying periods and then died rapidly with acute liver necrosis. There appear to be two factors in the production of the liver failure. The first is an alteration in the structure of the liver cell with swelling of the cell, and the second, that the swollen liver cells constrict the sinusoids within the liver lobules. This vascular constriction produces secondary changes in the cells of the lobule due to the anemic anoxia. This mechanism can easily set up a vicious circle by the anoxia producing further swelling of the liver cell with further vascular constriction and increasing anoxia. Incidentally it must be remembered that these lesions are not produced by general starvation.
In histological preparations it is possible to obtain an idea of the extent to which this intralobular anemia has occurred by comparing the patent blood vessels within the lobules with a normal vascular pattern. In the illustrated cases presented, the blood vessels have been blocked in on one side of the lobule only.
In the normal liver (Fig. 3) taken from a child dying rapidly with no sepsis or malnutrition, it is seen that the lobule is extremely vascular, the blood vessels taking up as great a volume as the liver cells. Compare this picture with (Fig. 4) the liver of Case I who died suddenly after being treated with a protein deficient diet for fourteen days (Fig. 1 graph) ; the anemia in the lobule is obvious. The most marked instance of lobule anemia that I have found is from a child aged 7 months who had been vomiting for a month. This infant developed a persistent acidosis and died suddenly with massive necrosis of the liver (Fig. 5 ).
In these cases ( Figs. 4 and 5 ) the liver changes are those of cellular necrosis and lobule anamia occurring in a relatively normal liver-but fatty changes are frequently coincidental in any child that has an infection for any length of time. Fatty change in the liver does not of itself appear to produce anemia within the lobule. This is illustrated in Fig. 6 . This child aged 4 months developed Sonne dysentery with bloody diarrheea, and the general condition deteriorated steadily to death. There is obviously little normal liver parenchyma present, but the mechanism of the changes in this case is obviously different from that in Figs. 4 and 5. 
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The further cases are instances in which anmemic-anoxic changes occurred coincidental with fatty change. Fig. 7 is from a child aged 4 months who had gastro-enteritis associated with a parenteral infection. Ten days after an apparently adequate intravenous fluid treatment, the child died suddenly. Fig. 8 is from a child aged 6 months having an infection with persistent acidosis and again following an apparent adequate response to intravenous fluids, death was unexpected and rapid. Case II (Fig. 2) described above by Dr. Doxiadis was a child who developed jaundice and evidence of liver failure several days before death. The liver from this case is illustrated in Fig. 9 . The liver shows what could well be a later stage of the livers shown in Figs. 4 and 7 .
The liver cells at the centre of the lobules have almost disappeared while an avascular state still occurs in the mid-zone of the lobule. The changes seen in these livers are similar to those produced by amino-acid deficiency in rats. It would not, however, be justifiable to say that the children illustrated here died from the same amino-acid deficiency as do rats. But the mechanism in the production of the liver failure in the animals is sufficiently similar to the lesion in the children to suggest that some imbalance in anmino-acid metabolism may well have been a major factor in the liver failure in these children. In Cases I and II it was shown that a starvation in nitrogen had occurred, and the association of this with the liver lesion is very likely, and certainly sufficiently conclusive to make the adequate a dministration of protein and amino acids a primary concern in the parenteral feeding of ill children.
Dr. Winifred Young: At the Queen Elizabeth Hospital for Children, Hackney, it has been found that many of the patients who require these protein preparations are infants suffering from gastroenteritis. If they are unable to tolerate food for periods exceeding forty-eight hours, such babies receive both plasma and casein hydrolysate solution, the total amount of protein being about 1 0 gramme per lb. body-weight daily. Careful regulation of the daily intake of qlectrolytes to replace the losses from the bowel is essential for these patients. The need for caution in the administration of the preparation of casein hydrolysate available in this country should be appreciated. The content of sodium and potassium in successive batches has been found to vary and it is not possible to regulate the total daily intake of electrolytes unless the content of each of the solutions being given is known.
It would be a great help to pediatricians if the manufacturers of protein digests for parenteral administration would analyse each batch of the preparation for sodium and potassium and other electrolytes and state the amounts on the labels of the bottles in which it is dispensed.
